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'>^FW?^:m^^^^liorney Docket No.: AM3299/T2996^P^^^^^-^ 

^^CNo.: 16301-029900 

INTEGIL\TION SCHEME USING SELF-PLANARIZED 
DIELECTRIC LAYER FOR SKLALLOW TRENCH ISOLATION 



BACKGROUND OF THE INVENTION 

The present invention relates to the fabrication of integrated circuits. More 
particularly, the present invention is directed toward methods for providing self- 
planarized deposition of high quality dielectric layers for shallow trench isolation. 

Semiconductor device geometries continue to decrease in size, providing 
more devices per unit area on a fabricated wafer. These devices are typically initially 
isolated from each other as they are built into the wafer, and they are subsequently 
interconnected to create the specific circuit configurations desired. Currently, some 
devices are fabricated with feature dimensions as small as, or smaller than^ 0.18 |mi. For 
example, spacing between devices such as conductive lines or traces on a patterned wafer 
may be separated by 0.1 8 ^m leaving recesses or gaps of a comparable size. A 
nonconductive layer of dielectric material, such as silicon dioxide (Si02), is typically 
deposited over the features to fill the aforementioned gaps and insulate the features from 
other features of the integrated circuit in adjacent layers or from adjacent features in the 
same layer. 

Dielectric layers are used in various applications including shallow trench 
isolation (STI) dielectric for isolating devices and interlayer dielectric (ILD) formed 
between metal wiring layers or prior to a metallization process. In some cases, STI is 
used for isolating devices having feature dimensions of 0.5 ^m or smaller. Planarization 
of dielectric layers has become increasingly important as the packing densities of 
semiconductor devices continue to grow. 

The planarization issue is described using an example of a typical process 
for forming a shallow trench isolation (commonly referred to as STI integration) as 
illustrated in Figs. lA-lG. In Fig. 1 A, a silicon substrate 110 has deposited thereon a pad 
oxide layer 1 12 and a nitride layer 114 such as sihcon nitride. The nitride layer 1 14 is 
typically deposited by low pressure chemical vapor deposition (LPCVD), and serves as 
an etch stop for chemical mechanical polishing (CMP). Referring to Fig. IB, a bottom 
anti-reflective coating (BARC) 116 is fonned above the nitride layer 1 14 for absorbing 
light refl e ct e d from th e substrate 1 10 du ring-photo lithography. Typically an organic spin - 
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- - on glass-(SOG).-tne^B.\RC 14 6-is needed typically- for4ight having wavelengths of below 

about 248 nm, including deep ultraviolet (DLPv') and far ultraviolet (FUV) light. A 
photoresist IIS is formed over the BARC 116 and exposed using a mask (not shown) 
which defmes the location of the n-enches. The exposed photoresist is then stripped to 
5 leave open areas for fonning the trenches. Typically, a plasma etch is performed to etch 
the open areas through the nitride 1 14, pad oxide 1 12, and silicon substrate 110 to form 
the trenches 120, as shown in Fig. IC. After the remaining photoresist 118 and BARC 
1 16 are removed, a thermal oxide 122 is typically grown on the nitride/pad oxide and on 
the surfaces of the trenches 120 (trench bottom 124 and trench wall 126) to repair the 

10 plasma damage to the silicon substrate 1 10, as illustrated in Fig. ID. 

A dielectric layer 128 is then deposited over the thennal oxide 122 to fill 
the trenches 120 and cover the nitride layer 114. This dielectric layer 128 is often 
referred to as a trench oxide filling layer. Typical dielectric layers are formed from oxide 
materials such as silicon dioxide or silicate glass. As shown in Fig. IE, the surface 

15 profile of the deposited dielectric layer 128 is stepped and generally resembles the shape 
of the trenched substrate 1 10. The surface profile is more unifonn in dense fields with 
closely space narrow trenches than in open fields with wide trenches. As seen in Fig. IE, 
a step height 130 is formed in the dielectric profile between the dense field 134 and the 
open field 132. Because of the step height 130, it is not practicable to apply CMP directly 

20 after the dielectric layer deposition step to planarize the dielectric layer 128 because 

otherwise a dishing effect in the open field 1 32 will result with CMP, as seen in Fig. IH. 
Instead, a reverse mask and etch procedure is used to etch the extra oxide to obtain a more 
planar surface profile as illustrated in Fig. IF. This procedure typically involves the steps 
of photoresist deposit, reverse masking, cure, etched photoresist removal, etchback, and 

25 removal of remaining photoresist. A CMP procedure is then applied to the structure of 
Fig. IF to globally planarize the surface of the filled substrate 1 10 as shown in Fig. IG. 
The reverse mask and etch procedure necessitated by the step height effect adds 
significant cost and complexity (for example, due to the added lithography steps 
involved) to the planarization procedure. 

30 From the discussion above, it is seen that multiple steps, including 

additional photolithography steps (which require expensive equipment), are needed to 
provide STI, However, it is desirable to reduce the number of steps (and related 

e quipment, especially photolithography equipment w hic h requires expensive lenses, light 

sources, etc.) and to obtain improved results in order to provide a more economic and 
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efficient manufacturiiJ|^ocess. For example, one way to obl^J^p roved results is to ' " 
provide a self-planarized, high quaUty trench oxide filling layer at a reduced cost. 

A number of procedures are known for depositing dielectric layers such as 
the gap-fill dielectric 128 for the trench oxide filling layer in the example shown in Fig. 
5 IE. One type of process employs O3 (ozone) and TEOS (tetraethylorthosilicate) for 
depositing a dielectric film such as silicate glass. Such films deposited are commonly 
refenrcd to as "O3/TEOS films". O3/TEOS processes have a surface sensitivity which 
increases as the O3/TEOS ratio increases. Due to the surface sensitivity, the dielectric 
deposition rate varies in accordance with the properties of the material of the underlying 
10 layer. 

It is known to minimize the surface sensitivity by depositing a surface 
insensitive barrier layer prior to the O3/TEOS fihn deposition. One known method is to 
lower the surface sensitivity by decreasing the O3/TE0S ratio and/or decreasing the 
pressure. However, lowering the O3/TEOS ratio tends to undesirably result in a more 

15 porous dielectric film. This is particularly problematic when the dielectric film is used 
for isolation purposes. One way to address this concern has been to raise the process 
temperature to above about 500 degrees Celsius, but raising the process temperatinre is 
often xmdesirable. Alternatively, an additional anneal process after the deposition of the 
trench oxide filling layer has been used to densify the trench oxide filling layer. This 

20 method, however, suffers firom the need to perform an extra step. 

Instead of minimizing the surface sensitivity, some have utilized the 
deposition rate dependence of O3/TEOS films to perform gap fill for a trenched silicon 
substrate wherein ithe side walls of the trench are covered with thermal oxide spacers. 
Using an atmospheric pressure CVD (APCVD) O3/TEOS deposition and an ozone 

25 concentration of 5%, it was reported that faster film growth on the bottom silicon than on 
the side wall spacers precluded void formation to achieve void-firee gap fill. Others have 
investigated the feasibility of forming a planarized intermetal dielectric (IMD) by taking 
advantage of the surface sensitivity of O3/TEOS and similar materials such as O3- 
octamethylcyclotetrasiloxane (OMTC). Researchers have reported difficulties of 

30 controlling the different deposition rates to achieve planarity. For instance, significant 
elevations have been observed at the edges of aluminum metal lines caused by the 
different deposition rates of the O3/TEOS on a TiN ARC layer on top of the aluminum 
and the aluminum side walls Some of these same, reseamhers have reported more 
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- satisfactory plananzation resuits-for-deposTting SiO: layers on-an-alummum intercomiect" 
built upon a phosphoms glass (PSG) level using O3-OMTC. 

In investigating sub atmospheric chemical vapor deposition (SACVD) of 
TEOS/O3 for self-planarized shallov^ trench isolation (STI) applications, the inventors 
5 also encountered difficulties in trench fill quality. As sho^vn in Fig. 2A, porous regions 
140 developed in the trench fill dielectric generally adjacent the nitride layer. It is 
believed these regions 140 were caused by faster deposition rates (up to 5 times faster) of 
TEOS/O3 on the silicon substrate (i.e., the trench bottom and walls) than on nitride layer 
114. 

1^ A^er CMP of nitride layer 1 14 and pad oxide 1 12, the trench fill material 

128 is undercut near the trench comers as shown in Fig. 2B. The eroded trench comers 
142 may lead to an undesirable electrostatic field between adjacent active regions 
notwithstanding the underlying STL 

What is needed are more efficient and economic methods for self- 
1 5 planarized deposition of a high quality trench oxide filling layer for shallow trench 
isolation integration. Improved methods of effectively utilizing the deposition rate 
dependence of dielectric materials such as O3/TEOS fihns are also desired. It also would 
be desirable to provide self-planarized STI without the comer erosion problems depicted 
in Fig. 2. 

20 

SUMMARY OF THE INVENTION 
Specific embodiments of the present invention provide more efficient 
methods for providing shallow trench isolation integration by forming self-planarized, 
high quality trench fill layers using surface sensitive dielectric materials. The invention 
25 does so by depositing a polysilicon layer prior to etching the isolation trenches. The 

polysilicon layer moves the porous regions of subsequently deposited trench fill materials 
away from the trench, thereby improving trench fill quality. An optional trench cleaning 
step can be used prior to deposition to further improve the quality of the trench fill layers 
and the electrical characteristics of the device. 
30 One embodiment of the invention is directed to a method for forming a 

trench isolation structure on a substrate. The method includes applying a pad oxide layer 
on the substrate, applying a polysilicon layer over the pad oxide layer, and applying a 
CVD an t i -re fl ective co ati ng (AR C>^vcr-&€-polysili€Qn4ayer-^^AHpbo toresist is form e d on - 



the CVD ARC. A portion of the photoresist then is exposed to a light to define a location 

4 
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where a trench is to bd^Bried, and the photoresist is removed ^^at-location. The 
method includes etching, at the location, through the CVD ARC, polysiUcon layer, pad 
oxide and through a depth of the substrate to form a trench having a trench bottom. 

In one aspect, the trench then is filled by introducing a precursor into a 
5 substrate processing chamber containing the substrate and flowing ozone into the 

substrate processing chamber to react with the precursor to deposit a dielectric layer over 
the substrate. An ozone/precursor ratio is adjusted to regulate deposition rates of the 
dielectric layer on the trench bottom and the CVD ARC until the dielectric layer develops 
a substantially planar dielectric surface. In still another aspect, the substrate is subjected 
10 to an oxygen-containing gas and heated to substantially simultaneously densify the 

dielectric layer and to form a thermal oxide at an interface between the dielectric layer 
and a surface of the trench. 

According to yet another embodiment, a method for forming a trench 
isolation structure on a substrate includes the step of applying a pad oxide layer on the 
1 5 substrate, applying a polysilicon layer over the pad oxide layer, and appljong a nitride 

layer over the polysilicon layer. A bottom anti-reflective coating (BARC) is applied over 
the polysilicon layer and a photoresist is formed on the BARC. A portion of the 
photoresist is exposed to a light to define a location where a trench is to the formed. The 
photoresist is removed at the location. The method further includes the step of etching, at 
20 the location, through the BARC, the nitride layer, the polysilicon layer, the pad oxide and 
through a depth of the substrate to form a trench at the location. 

For a further understanding of the objects and advantages of the present 
invention, reference should be made to the ensuing detailed description taken in 
conjunction with the accompanying drawings. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. lA-lH are side cross-sectional views of a substrate demonstrating 
trench formation and trench fill by a dielectric material employing prior art deposition"' 
methods; 

30 Figs. 2 A and 2B depict side cross-sectional views of trenches having 

undesirable porous regions before and after CMP; 

Figs. 3 A and 3B are flow diagrams of alternate embodiments of the 
method of foi ii diig a Ueuoh in accordance with tlie present invention; 
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" - " - - -Figs. 4A-2nd 4B are side cross-seetional views ofaltemate embodirnents - - - ■ 
of a trenched substrate according to the present invention; 

Fig. 5 is a tlow diagram of an embodiment of the method of forming a 
self-planarized trench rill layer formed in accordance with the present invention; 
5 Figs. 6 A and 6B are side cross-sectional views of alternate embodiments 

of a substrate with a self-planarized trench fill layer in accordance with the present 
invention; 

Fig. 7 is a flow diagram of an embodiment of the method of processing a 
trench fill layer in accordance with the present invention; 
10 Figs. 8 A and SB are side cross-sectional views of the substrates of Figs. 

6A and 6B, respectively, which have been processed with an oxidizing anneal in 
accordance with the present invention; 

Figs. 9 A and 9B are side cross-sectional views of the substrates of Figs. 
8 A and 8B, respectively, after a planarization step in accordance with the present 
1 5 invention; 

Fig. 10 is a side cross-sectional view of one embodiment of a chemical 
vapor deposition apparatus according to the present invention; 

Figs. 1 1 and 12 are exploded perspective views of parts of the CVD 
chamber depicted in Fig. 10; and 
20 Fig. 13 is a simplified diagram of system monitor and CVD system in a 

multichamber system, which may include one or more chambers. 

DJESCRIPTION OF THE SPECIFIC EMBODIMENTS 
I. Self-Planarized Deposition of a Dielectric Layer in Shallow Trench Integration 

25 Specific embodiments of the present invention are illustrated using an STI 

integration as an example. The benefits of the various embodiments of the invention can 
be readily seen by comparison with the prior art methods, such as illustrated in Figs. 1 A- 
IH. Specifically, the present invention piovides more efficient shallow trench isolation 
integration by providing self-planarized deposition of a dielectric trench fill layer without 

30 sacrificing the quahty of the dielectric layer. The present invention further provides 

dielectric trench fill layers which have undesirable porous regions removed by CMP. It is 
imderstood that the scope of the invention is not necessarily limited to STI integration. 
A. Forming a Trench 
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Figs. 3.^1^ 3B illustrate -alternate methods of^^ng a trench on a 
substrate, typically a silicon substrate. Referring to Fig. 3A, the first step 202 is to apply 
a pad oxide directly on the silicon substrate. In one particular embodiment, pad oxide is 
about 60 Angstroms (A) thick, although other thicknesses may be used. Pad oxide 
5 operates to protect the underlying substrate, particularly from stresses caused by 

subsequently deposited nitride layers. Next, a polysilicon layer is deposited over the pad 
oxide layer in step 204. In one embodiment, polysilicon layer is about 400A-1000A 
thick, and in one particular embodiment is about 600A thick. The purpose and function 
of the polysilicon layer is described in fiirther detail below. Step 210 is to apply a CVD 

10 anti-reflective coating (CVD ARC) directly to the polysihcon layer. Unlike the 

commonly used organic spin on BARC, CVD ARC is an inorganic material that typically 
includes, for example, siUcon nitride, silicon oxynitride, or silicon carbide. The CVD 
ARC is deposited by promoting chemical reaction of the process gases in a CVD system. 
For example, a CVD ARC which includes silicon, and nitrogen and/or oxygen (also 

1 5 known as a dielectric ARC or D ARC) is deposited by introducing the following process 
gases in plasma-enhanced CVD (PECVD): a silicon-containing gas (such as silane or 
TEOS), and a nitrogen-containing gas and/or an oxygen-containing gas. Nitrous oxide 
(N2O) may be used for supplying nitrogen and oxygen, but other sources of oxygen and 
nitrogen can of course be used. An inert gas such as helium or argon is typically used for 

20 controlling the deposition rate of the process and the film thickness, and for stabilizing 
the process. 

An example of a suitable CVD apparatus is described in U.S. Patent No. 
5,558,717 entitled:."CVD PROCESSING CHAMBER," issued to Zhao et al. The gas 
ratio can be adjusted to obtain a film composition with the desired optical characteristics 

25 (refiractive index and absorptive index) of the deposited CVD ARC. A CVD ARC silicon 
nitride layer differs from the conventional LPCVD silicon nitride layer in that the film 
composition of the LPCVD silicon cannot be modified because LPCVD is a thermal 
process rather than a plasma-enhanced process. Some of the techniques that can be used 
to deposit CVD ARC are described in U.S. Patent Application No. 08/672,888 entitled 

30 "METHOD AND APPARATUS FOR DEPOSITING ANTIREFLECnVE COATING," 
having David Cheung, Joe Feng, Judy H. Huang, and Wai-Fan Yau as inventors; U.S. 
Patent Application No. 08/852,787 entided "METHOD AND APPARATUS FOR 
DEPOSITING AN ETCH STOP LAYER." having Judy H. Huang, Wai-Fan Yau, David 



Cheung, and Chan-Lon Yang as inventors; and "Novel ARC Optimization Methodology 
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- - forKrF Excimer-L-aserLithography at boTv-Kl- Factor" bv-TohrtrOgawarMitsunori 
Kiraura, Yoichi Tomo, and Toshiro Tsumon, published in une SPIE Proceedings 
(Opcical'Laser Microiithography V), Volume 1674, pages 362-375 (1992). The two 
applications are assigned lo Applied Materials, Inc., the assignee of the present invention. 
5 Each of these references are incorporated herein by reference. 

In one embodiment, a desired ratio of silane (SilLt) to N2O is selected for 
depositing a DARC. In addition, N2 and NH3 are introduced to further control the optical 
and chemical properties of the DARC deposited. The effects of N2 and NH3 are 
particularly dominant in process regimes where SiiU and N2O have minimal or no effect 

10 on the DARC properties, e.g., at low temperature. The addition of NH3 and N2 in the 
process further changes the composition of the film, allowing more freedom and finer 
tuning of the refractive index and the absorptive index. Furthermore, the process is 
compatible with the use of helium, which is more cost-effective than argon. Helium also 
allows for improved stress control of the DARC layer deposited. This helps prevent the 

1 5 film from becoming too tensile, which can cause it to flake off the substrate after 
deposition. 

The CVD ARC has the ability to absorb light reflected from the substrate 
during photohthography similar to the BARC (Fig. IB). In addition, the CVD ARC has a 
reflective property that allows it to reflect light that is out-of-phase from light reflected 

20 from the substrate so that the two cancel each other in what is referred to as a phase shift 
cancellation. The CVD ARC serves photolithography and, if desired, CMP purposes. 
CVD ARC also is a good barrier to oxygen diffusion. In one particular embodiment, the 
CVD ARC is used^as an etch stop for CMP, making it possible to eliminate the LPCVD 
nitride layer (Fig. IG), as mentioned above. 

25 Referring again to Fig. 3 A, a photoresist is formed over the CVD ARC at 

step 212. The photoresist is exposed to define the trench location where the trench is to 
be formed (step 214) and the exposed photoresist is then stripped at the trench location 
(step 216) according to a specific embodiment. An etching step 218 is performed to eteh 
the CVD ARC, the polysilicon layer, pad oxide and silicon substrate to form the trench at 

30 the trench location. At step 220, the remaining photoresist is removed. According to 
some specific embodiments, an optional clean step 222 can be performed to clean the 
trench and remove contaminants. The clean step 222 can employ, for example, a 
conventinna] wet fft r.hing p rnr.pHnrfi using a rmyfnrfi nonta inir> g hydrnflnnrif; ar.iH (TfP) 



The resultant structure is illustrated in Fig. 4A, which shows the silicon substrate 224 
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with, a pad oxide 226 polysilicon layer 228 formed therefl^Iri one embodiment, 
pad oxide 226 is about 60A thick, and polysilicon layer 228 is about 600A thick, although 
other thicknesses may be used. A CVD ARC 230 overlying polysilicon layer 228 has a 
thickness of about 1000-2000 A. The formed trench 232 has a trench bottom and a trench 
5 wall 234. 

Compared with the conventional approach illustrated in Figs. 1 A-ID, the 
method of Fig. 3 A can eliminate the process of growing a theimal oxide over the surfaces 
of the trench, which is conventionally used to repair the plasma damage to the silicon 
substrate during trench formation. The inventors have found that depositing the surface 
10 sensitive dielectric material such as O3/TEOS directly over a silicon trench significantly 
improves the quality of the trench fill layer to be formed over prior approaches and that 
the clean step 222 can further improve film quality, as discussed in more detail below. In 
addition, the inventors have discovered that an oxidizing anneal process can be used after 
formation of the trench fill layer to grow a thermal oxide at the trench bottom and trench 
15 wall as discussed below. 

In an alternate embodiment shown in Fig. 3B, steps 250 and 252 are the 
same as steps 202 and 204, respectively. After the polysilicon layer is deposited, a nitride 
layer, such as LPCVD nitride, is applied over the polysilicon (step 254) and BARC is 
applied over the nitride layer (step 256). In this embodiment, an additional polysilicon 
20 layer is deposited compared to the method depicted in Figs. lA-lC. Thereafter, steps 
258-268 are the same as steps 212-222 of Fig. 3A and are carried out to etch the trench 
using the photoresist. 

The resultant structure is illustrated in Fig. 4B, which shows a silicon 
substrate 270 with a pad oxide 272, a polysilicon layer 274, a nitride layer 276 and BARC 
25 278 formed thereon. A trench 280 is etched through layers 272-278 and into silicon 
substrate 270, defining a trench bottom and a trench wall 282. In contrast to Fig. ID, 
thermal oxide is not grown at this stage. A subsequent anneal step operates to form 
thermal oxide along trench wall 282. 

Thereafter, a clean step 266 is advantageously performed using a 
30 conventional wet etching process with an HF mixture or the like to remove contaminants. 
As discussed below, the inventors have discovered that this clean step 266 improves the 
quality of the trench fill layer that will be deposited. BARC 278 is removed prior to 
tf ^ch fill. 



9 

Copied frqniEP99402083-2 on 27-1 1 -1 999 



18-08-1999 



EP99402068.3 



DESC 



The CVD ARC may be used in specific embodiments ofthe invention. 
According to some specific embodiments, subsequent process steps described below may 
be used whether the CVD ARC/polysilicon/oxide or the BARC/nitride/polysilicon/oxide 
combination is used. Therefore, after the fomation ofthe trench, the tenn "etch stop" 
layer will be used instead and is xmderstood to represent an LPCVD nitride layer or CVD 
ARC, 



B. Depositing a Trench Fill Layer 

Referring to Fig. 5, after the trenched substrate (224 in Fig. 4A or 270 in 

10 Fig. 4B) is prepared, it is placed in a process chamber (such as the chamber 15 of Fig. 10) 
in step 290. Typically an mert gas is flowed into the chamber in step 292 to stabilize the 
pressure in the chamber before reactive process gases are introduced. Next, a precursor 
having a surface sensitivity and growth rate dependence on differently constituted 
surfaces is introduced into the chamber (step 294). An example of a suitable precxirsor is 

15 TEOS. Because TEOS is a liquid precursor, a suitable apparatus directs the bubbling of a 
delivery gas, such as helium, througji the TEOS in a bubbler assembly or introducing a 
carrier gas, such as helium or nitrogen, to a liquid injection system to vaporize the TEOS 
and form a process gas having the desired flow rates. An ozone gas is flowed into the 
chamber (step 296) to react with the TEOS to deposit an O3/TEOS trench fill layer over 

20 the substrate. The deposition rate of the O3/TEOS layer is faster on the lower trench 

bottom (which is silicon) than on the higher surfaces ofthe upper portions of the substrate 
that include the etch stop layer (which is CVD ARC for Fig. 4A and nitride for Fig. 4B). 
For example, deposition of O3/TEOS layer on silicon and polysiiicon proceed at about the 
same rate. This deposition rate is as much as five times greater than the rate 011 nitride, 

25 for example on the. nitride layer in Fig. 4B and CVD ARC in Fig. 4A. 

The relative deposition rates ofthe O3/TEOS layer on the lower and higher 
surfaces are regulated in step 298 by adjusting the O3/TEOS ratio until the O3/TEOS layer 
develops a substantially self-planarized dielectric surface. The O3/TEOS ratio can be "** 
adjusted by adjusting the flow rates ofthe O3 and/or TEOS. For instance, a 

30 predetermined ObATEOS ratio can be selected and the relative flow rates are adjusted to 
achieve that ratio in step 298. It is advantageous to maximize the O3/TEOS ratio to 
accelerate the deposition jfrom the trench bottom to achieve planarity. O3/TEOS ratios of 
desirably higlier tlian about lOTlvand more desirably a bout 10:1 to - 20:l, can be used. 
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The def^pSion of the trench fiil layer can take )^PI at a relatively low - 
temperature of under about 500°C, for example about SOOoOCC. This advantageously 
avoids the undesirable aluminum fluoride formation which may occur when deposition 
occurs at high temperatures above about 500°C in processing chambers that include 
aluminum materials and the longer cleaning time required to remove the aluminum 
fluoride. Other process parameters such as pressure and flow rates can be adjusted to 
optimize the deposition process for a selected O3/TEOS ratio. A pressure ranging from 
about 200 to 700 Torr is preferable for use with O3/TEOS ratios of 10:1 to 20:1. 

Figs. 6A and 6B illustrate the self-planarized trench fill dielectric layers 
300 and 304, respectively, deposited over the substrates 224, 270 of Figs. 4A and 4B. 
While the variance in deposition rates of O3/TEOS due to the underlying surface is used 
advantageously to create a substantially self-planarized STI structure, trench fill quality 
issues arise. More specifically, porous regions 302, 306 tend to form adjacent the nitride 
layer due at least in part to the slower deposition rate thereon. These porous regions lead 
to the problems discussed in conjunction with Fig. 2. At least part of the present 
invention is the recognition that the use of polysilicon layers 228, 274 elevate the porous 
regions away from the trench openings, and hence away from the trench comers. The use 
of polysilicon is advantageous at least in part due to the similar deposition rates of 
Os/TEOS on polysilicon and silicon. Further advantages of using polysilicon also are 
realized in the subsequent anneal process described in conjunction with Figs. 7 and 8. 

Hence, the present methods not only provide self-planarized deposition of 
the trench fill layers, but also ensure that these layers are of high quality, 

C. Processing the Trench Fill Layer 

Referring to Fig. 7, steps 310 and 312 represent an oxidizing anneal 
process that can be used to grow a thermal oxide at the trench surfaces after the trenches 
have been filled with the deposited trench fill layer. Further details may be found in 
European Patent Application No. 98401232, entitied METHODS FOR FORMING SELF- 
PLANARIZED DIELECTRIC LAYER FOR SHALLOW TRENCH ISOLATION, filed 
May 22, 1998, and assigned to the assignee of the present invention, the complete 
disclosure of which is incorporated herein by reference. While the process has general 
applicability beyond the STI integration described herein, it has particular advantages in 
this e xampl e b eeause^h c prior thermal oxide growth (Fig. ID) has been climina ted^o 
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ensure formation of a high quality trench" fill layer (e.g"~03/TEOS) and "glob al'" — 
planarization in the method of Figs. 3A and 3B. Tnis subsequent oxidizing anneal not 
only causes a thermal oxide to grow at the trench surfaces, but it substantially 
simultaneously densifies the trench fill layer, flinher improving its quality. A dense layer 
5 is advantageous, particularly for isolation purposes. 

The oxidizing anneal is performed by subjecting the substrate to an 
oxygen-containing gas in step 310 (such as molecular oxygen, steam, and any precursor 
with oxygen); and heating the substrate to a suitable temperature (e.g., above about 
800°C) in step 312. In one particular embodiment, the substrate is heated to about 

10 1050°C in a 100% O2 atmosphere for about 40 minutes. In another embodiment, the 
substrate is heated to about SSO'^C in an atmosphere comprising 60% H2O and 40% 
nitrogen for about 30 minutes. 

As the substrates 224 and 270 of Figs. 6A and 6B, respectively, undergo 
the oxidizing anneal, a thermal oxide 307 and 309 is grown along the surfaces of the 

15 trench 232 and 280 as iUustrated in Figs. 8A and 8B, The oxidizing anneal is desirably 
made before CMP to improve the CMP process, because the surface sensitive deposition 
is more porous on active areas (LPCVD nitride or CVD ARC) than on the trenches 
(silicon) as deposited. This difference in film density can be beneficial for the CMP 
process since the CMP rate will be higher over the active area than over the trenches. 

20 A further advantage of polysilicon is the oxidation rate thereof is about 

two times as great as that for silicon. As shown in Figs. 8 A and 8B, thermal oxide 307, 
309 is approximately twice as thick along the polysilicon layer compared to along the 
silicon trench suiiiaces. In this manner, the polysilicon oxidation provides exemplary 
trench comers of trench fill material. 

25 The final step 3 14 is to selectively remove and planarize the trench fill 

material, typically by CMP. This step removes the trench fill material over the etch-stop 
layer which can be the nitride layer or CVD ARC. Because the dielectric profile is 
substantially planar, no reverse mask and etch procedure is necessary and the CMP step 
can be completed more quickly than the case where the dielectric profile is stepped, such 

30 as that shown in Fig. IF. This further decreases process time and increases throughput. 

Further, the use of polysilicon layers 228, 274 have elevated porous 
regions 302, 306 to be further away fi-om the trench openings. As shown in Figs. 9 A and 
9^-6?vff remo v es porotts-regio ns 302, 306, t he reby increasing "the-c<M3sistenc y of-i fa e 
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remaining trench fill dlj^tric layers 300, 304. Further, exem^l^ trench comer fill is 
provided to help avoid electrostatic field over the trench. Hence, problems discussed in 
conjunction with Fig. 2 are avoided. 



5 11. An Exemplary CVD System 

Fig. 10 depicts one suitable CVD apparatus in which at least portions of 
the methods of the present invention can be carried out. For example, deposition steps, 
including deposition of pad oxide, nitride, BARC, CVD ARC, and trench fill dielectrics 
may be carried out in the system of Fig. 10, or similar systems. Conventional systems 

10 known to those skilled in the art may be iised for polysilicon deposition, and perfoiming 
photoresist, etching, and CMP processes in accordance with the present invention. 

Fig. 10 shows a vertical, cross-sectional view of a CVD system 10, having 
a vacuimi or processing chamber 15 that includes a chamber wall 15a and chamber lid 
assembly 15b. Chamber wall 15a and chamber lid assembly 15b are shown in exploded, 

15 perspective views in Figs. 1 1 and 12. CVD system 10 contains a gas distribution 

manifold 1 1 for dispersing process gases to a substrate (not shown) that rests on a heated 
pedestal 12 centered within the process chamber. During processing, the substrate (e.g. a 
semiconductor wafer) is positioned on a flat (or slightly convex) surface 12a of pedestal 
12. The pedestal can be moved controllably between a lower loading/off-loading position 

20 (not shown) and an upper processing position (shown in Fig. 1 0), which is closely 
adjacent to manifold 1 1. A centerboard (not shown) includes sensors for providing 
information on the position of the wafers. 

Deposition and carrier gases are introduced into chamber 15 through 
perforated holes 13b (Fig. 12) of a conventional flat, circular gas distribution or faceplate 

25 13 a. More specifically, deposition process gases flow into the chamber through the inlet 
manifold 1 1 (indicated by arrow 40 in Fig. 10), through a conventional perforated blocker 
plate 42 and then through holes 13b in gas distribution faceplate 13 a. 

Before reaching the manifold, deposition and carrier gases are input from 
gas sources 7 through gas supply lines 8 (Fig. 10) into a mixing system 9 where they are 

30 combined and then sent to manifold 1 1 . Generally, the supply line for each process gas 
includes (i) several safety shut-off valves (not shown) that can be used to automatically or 
manually shut-off the flow of process gas into the chamber, (ii) mass flow controllers 

(also n o t -sho w n) thatmeasure th e f l o w of gas through th e sup p ly line, and (ill) gas 

delivery line heating to prevent, for example, liquid condensation therein. When toxic 
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gases (for example, ozone or halogenated gas) are used in ihe^ocesvthe several safety 
shut-off valves are posiiioned on each gas supply line in conventional configurations. 

The deposition process performed in CVD system 10 can be either a 
thermal process or a plasma-enhanced process. In a plasma-enhanced process, an RP 
power supply 44 applies electrical power between the gas distribution faceplate 13a and 
the pedestal so as to excite the process gas mixture to form a plasma within the cylindrical 
region between the faceplate 13a and the pedestal. (This region will be referred to herein 
as the "reaction region"). Constituents of the plasma react to deposit a desired film on the 
surface of the semiconductor wafer supported on pedestal 12. RF power supply 44 is a 
mixed frequency RF power supply that typically supplies power at a high RF frequency 
(RFl) of 13.56 MHz and at a low RF frequency (RF2) of 360 KHz to enhance the 
decomposition of reactive species introduced into the vacuum chamber 15. In a thermal 
process, RF power supply 44 would not be utilized, and the process gas niixture thermally 
reacts to deposit the desired films on the surface of the semiconductor wafer supported on 
pedestal 12, which is resistively heated to provide thermal energy for the reaction. 

During a plasma-enhanced deposition process or thermal process, a liquid 
is circulated through the walls 15a of the process chamber to maintain the chamber at a 
desired temperature, e.g., about 65 degrees Celsius. Fluids used to maintain the chamber 
walls 15a include the typical fluid types, i.e., water-based ethylene glycol or oil-based 
thermal transfer fluids. Maintaining the wall temperature beneficially reduces or 
eliminates condensation of undesirable reactant products and improves the elimination of 
volatile products of the process gases and other contaminants that might contaminate the 
process if they ware to condense on the walls of cool vacuum passages and n:iigrate back 
into the processing chamber during periods of no gas flow. 

The remainder of the gas mixture that is not deposited in a layer, including 
reaction products, is evacuated from the chamber by a vacuum pump (not shown). 
Specifically, the gases are exhausted through an annular, slot-shaped orifice 16 
surrounding the reaction region and into an annular exhaust plenum 17. The annular sTot 
16 and the plemam 17 are defined by the gap between the top of the chamber's cylindrical 
side wall 15a (including the upper dielectric lining 19 on the wall) and the bottom of the 
circular chamber lid 20. The 360** circular symmetry and uniformity of the slot orifice 16 
and the plenum 17 are important to achieving a imifonn flow of process gases over the 
wafer so as to deposit a umtorm ftlm on the wafer. 
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From tflBllhaust plenum i 7, the gases- flow un^^ath a lateral extension 
portion 21 of the exhaust plenum 17, past a viewing port (not shown), through a 
downward-extending gas passage 23, past a vacuum shut-off valve 24 (whose body is 
integrated with the lower chamber wall 15a), and into the exhaust outlet 25 that cormects 
5 to the external vacuum pump (not shown) through a foreline (also not shown). 

The wafer support platter of the pedestal 12 (preferably aluminum, 
ceramic, or a combination thereof) is resistively-heated using an embedded single-loop 
embedded heater element configured to make two full turns in the form of parallel 
concentric circles. An outer portion of the heater element runs adjacent to a perimeter of 
10 the support platter, while an inner portion runs on the path of a concentric circle having a 
smaller radius. The wiring to the heater element passes through the stem of the pedestal 
12. 

Typically, any or all of the chamber lining, gas inlet manifold faceplate, 
and various other reactor hardware are made out of material such as aluminum, anodized 

15 aluminum, or ceramic. An example of such a CVD apparatus is described in U.S. Patent 
5,558,717 entitled "CVD Processing Chamber," issued to Zhao et al. The 5,558,717 
patent is assigned to Applied Materials, Inc., the assignee of the present invention, and is 
hereby incorporated by reference. 

A lift mechanism and motor (not shown) raises and lowers the heated 

20 pedestal assembly 12 and its wafer lift pins 12b as wafers are transferred into and out of 
the body of the chamber by a robot blade (not shown) through an insertion/removal 
opening 26 in the side of the chamber 10. The motor raises and lowers pedestal 12 
between a processing position 14 and a lower, wafer-loading position. The motor, valves 
or flow controllers connected to the supply lines 8, gas delivery system, throttle valve, RF 

25 power supply 44, and chamber and substrate heating systems are all controlled by a 
system controller 34 (Fig. 10) over control lines 36, of which only some are shown. 
Controller 34 relies on feedback from optical sensors to determine the position of 
movable mechanical assemblies such as the throttle valve and susceptor which are mo^ed 
by appropriate motors under the control of controller 34. 

30 In a preferred embodiment, the system controller includes a hard disk drive 

(memory 38), a floppy disk drive and a processor 37. The processor contains a single- 
board computer (SBC), analog and digital input/output boards, interface boards and 

st epper motor controller bo a r ds. V a rious p^^rts nf rVD system 1 0 conform tn the Versa — 

Modular European (VME) standard which defines board, card cage, and connector 

15 
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dimensions and t>pes.-The srandard afso defines the bus"structurFasiravin^ 
bit data bus and a 24-bit address bus. 

System controller 34 controls all of the activities of the CVD machine. 
The system controller executes system control software, which is a computer program 
5 stored in a computer-readable medium such as a memory 38. Preferably, memory 38 is a 
hard disk drive, but memory 38 may also be other kinds of memory. The computer 
program includes sets of instructions that dictate the timing, mixture of gases, chamber 
pressure, chamber temperature, RF power levels, susceptor position, and other parameters 
of a particular process. Other computer programs stored on other memory devices 

1 0 including, for example, a floppy disk or other another appropriate drive, may also be used 
to operate controller 34. 

The interface between a user and controller 34 is via a CRT monitor 50a 
and light pen 50b, shown in Fig. 12, which is a simplified diagram of the system monitor 
and CVD system 10 in a substrate processing system, which may include one or more 

1 5 chambers. In the preferred embodiment two monitors 50a are used, one mounted in the 
clean room wall for the operators and the other behind the wall for the service 
technicians. The monitors 50a simultaneously display the same information, but only one 
light pen 50b is enabled. A Hght sensor in the tip of light pen 50b detects light emitted by 
CRT display. To select a particular screen or function, the operator touches a designated 

20 area of the display screen and pushes the button on the pen 50b. The touched area 
changes its highlighted color, or a new menu or screen is displayed, confirming 
communication between the light pen and the display screen. Other devices, such as a 
keyboard, mouse, or other pointing or communication device, may be used instead of or 
in addition to light pen 50b to allow the user to communicate with controller 34. 

25 The above reactor description is mainly for illustrative purposes, and other 

plasma CVD equipment such as electron cyclotron resonance (ECR) plasma CVD 
devices, induction coupled RF high density plasma CVD devices, or the like may be 
employed. Additionally, variations of the above-described system, such as variations in 
pedestal design, heater design, RF power firequencies, location of RF power connections 

30 and others are possible. For example, the wafer could be supported by a susceptor and 
heated by quartz lamps. The layer and method for forming such a layer of the present 
invention is not limited to any specific apparatus or to any specific plasma excitation 
me^iod; __ 
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The pre^^^nethod can be used to improve- the pi anarization while 

providing exemplary dielectric film quality due in part to the use of a polysilicon layer to 
move undesirable porous regions away from the trench. The present method farther 
reduces cost and increases throughput. The oxidizing anneal makes it possible to grow a 
thermal oxide at the trench surfaces after filling the trenches with a self-planarized, high 
quality trench fill layer. The oxidizing anneal, coupled with the use of the polysilicon 
layer, provides improved trench fill quality with exemplary trench comers. The use of 
CVD ARC for photolithography and CMP purposes to form trenches is more efficient 
and results in a simpler structure. In addition, alternate embodiments can be devised by, 
for example, varying the O3/TEOS ratio, pressure, or other parameters for dielectric 
deposition. 

The scope of the invention should, therefore, be determined not with 
reference to the above description, but instead should be determined with reference to the 
appended claims along with their fiili scope of equivalents. 
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1. A method of forming a trench isolation structure on a substrate, the method 
comprising: 

applying a pad oxide layer on said substrate; 

applying a polysilicon layer over said pad oxide layer; 

applying an anti-reflective coating (ARC) over said polysilicon layer; 

forming a photoresist on said ARC; 

exposing a portion of said photoresist to a light to define a location where a trench is to 
be formed; 

removing said photoresist at said location; and 

etching, at said location, through said ARC, said polysilicon layer, ^aid pad oxide and 
trough a depth of said substrate to form a trench having a trench bottom at said location. 

2. The method of claim 1 further comprising depositing a nitride layer between said 
polysilicon layer and said ARC, and wherein said ARC comprises a bottom anti-reflective 
coating (BARC). 



20 3. The method of claim 1 wherein said ARC comprises a chemical vapor deposition anti- 
reflective coating (CVD ARC). 

4. The method of claim 1 comprising: 

applying a nitride layer over said polysilicon layer and 
25 applying a bottom anti-reflective coating (BARC) over said polysilicon layer; where 

etching, at said location, is done through said BARC, said nitride layer, said 
polysilicon layer, said pad oxide and through a depth of said substrate to form said trench at 
said location. 



30 5. The method of any of the claims I to 4 wherein said polysilicon layer is applied with a 
thickness of about 400A to about lOOOA. 
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6. The method of any of the claims 1 to 5 wherein said CVD ARC is applied with a 
thickness of about 1000 A and about 2000 A. 

7. The method of any of the claims 2 to 6 wherein said nitride layer is applied with a 
5 thickness of about 800A to about 1200A. 

8. The method of any of the preceeding claims further comprising, following said etching 
step: 

removing a remainder of said photoresist; and 
10 filling said trench on said substrate with a trench fill material. 

9. The method of claim 8, wherein said filling step comprises introducing a precursor 
into a substrate processing chamber containing said substrate; 

flowing ozone into said substrate processing chaniber to react with said precursor to 
1 5 deposit a dielectric layer over said substrate; and 

adjustingran ozone/precursor ratio between said ozone and said precursor to regulate 
deposition rates of said dielectric layer on said trench bottom and said CVD ARC until said 
dielectric layer develops a substantially planar dielectric surface. 

20 1 0. The method of claim 9 wherein said dielectric layer comprises a porous region that is 
proximate a trench wall and is generally aligned with said nitride layer. 

* 

1 1 . The method of claim 9 wherein said dielectric layer comprises a porous region that is 
within said trench and generally aligned with said CVD ARC layer. 

25 

12. The method of claim 1 0 or 1 1 further comprising removing a portion of said dielectric 
layer, including said porous region. 

13. The method of claim 9 wherein said dielectric layer has a ratio of said ozone to said 
30 precursor of about 1 0: 1 to 20: 1 . 
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The method of d!^)f the preceeding claims comprising:^ 
subjecting said substrate to an oxygen-containing gas; and 

heating said substrate to substantially simultaneously densify said dielectric layer and 
to form a thermal oxide at an interface between said dielectric layer and a surface of said 
trench. 



15. The method of claim 14 wherein said subjecting and heating steps form said thermal 
oxide to be about 200A along a trench wall and about 400A along said polysilicon layer. 

10 16. The method of claim 14 wherein said heating step comprises heating said substrate to 
between about 800 degress Celsius and about 1 100 degrees Celsius, for about 30-40 minutes. 



15 



1 7. The method of claim 1 3 or 1 4 further comprising removing a portion of said dielectric 
layer including said porous region. 

18. The method of any of the preceeding claims wherein said removing step is a chemical- 
mechanical polisting step (CMP step). 
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5 A method for forming a trench isolation structure on a substrate. The method 

includes appljdng a pad oxide layer (226) on the substrate (224), applying a polysilicon layer 
(228) over the pad oxide layer, and applying a CVD anti-reflective coating (ARC) (230) over 
the polysilicon layer. A photoresist is formed on the CVD ARC and a trenched is etched at a 
desired location. One embodiment provides a method for depositing a trench oxide filling 

10 layer (300) on the trenched substrate utilizing the surface sensitivity of dielectric materials 
such as O3/TEOS to achieve a substantially self-planarized dielectric layer. Prior problems 
with porous trench fill, particular near trench comers, are obviated by use of the polysilicon 
layer. After deposition, an oxidizing anneal can be performed to grow a thermal oxide (307) 
at the trench surfaces and densify the dielectric material. A chemical mechanical polish can 

15 be used to remove the excess oxide material, including the porous regions. 

(Fig. 8A) 
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Apply pad oxide over substrate 
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Flow inert gas into process chamber 



Introduce precursor into process chamber 



Flow ozone gas into process chamber 
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Subject substrate to oxygen-containing gas 



Heat substrate to density trench fill layer 
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FIG, 7 



dopied frorn EP9^62Q83 




yPrinted:C)tr1 2-2000 Copied from EP99402083.2 on 27-1 1 -1 999 




a. // 



Copied from £^9402083 2 on 27-1 1-1 999 



